TITLE: HIGH PRECISION POWER RESISTORS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a divisional of and claims priority to U.S. Patent Application 
5 10/304,261 filed on November 25, 2002. 

BACKGROUND OF THE INVENTION 

It is well known to obtain low TCR (Temperature Coefficient of Resistance) 
resistors. Said resistors will change very little in their resistance when subject to uniform 

10 temperature changes. For example, wirewound or thin film or foil resistors may change as 
little as 3 ppm/°C. In other words, if the ambient temperature changes from 25°C to 125°C 
(a 100°C temperature difference) the resistor will change (3 ppm/°C) (100°C) = 300 ppm 
AR/R. The resistor property of low TCR is therefore useful and desirable where high 
precision is required and ambient temperature changes may occur. 

15 However, if the same resistor is subject to electric power (current) without a change 

in ambient temperature the resistance can also change several hundred ppm's depending on 
the power applied. This phenomena is sometimes described as the Joule effect or resistor 
self-heating. Both resistance changes due to changes in ambient temperature and resistor 
changes due to electric power phenomena are additive. 

20 For applications where resistors are used as current sensors (i.e. 4 contact devices) 

such changes in resistance due to self-heating would, in many cases, be so significant so as 
to make such resistors unsuitable for accurate current sensing. To resolve this problem, 
one uses several resistors connected in parallel to distribute the heat due to power across 
the plurality of resistors so that the temperature of each resistor is reduced and the effect of 

25 self-heating is reduced. There are significant disadvantages to this approach, however, as 
the resulting component is larger (several resistors as opposed to a single resistor), more 
costly in materials, requires labor for assembly, and the component takes up more space on 
a printed circuit board than a single resistor. Thus, problems remain. 

Therefore, it is a primary object of the present invention to improve upon the state 

30 of the art. 
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It is a further object of the present invention to provide a resistor with suitable 
properties for use as a high precision power resistor. 

A still further object of the present invention is to provide a resistor suitable for use 
in current sensing applications. 
5 Another object of the present invention is to provide a resistor that demonstrates 

only small changes in resistance due to power. 

Yet another object of the present invention is to provide an improved resistor 
designed to take into account properties of the resistive foil adhesive cement and substrate 
to provide a cumulative effect of reduction of resistance change due to power. 
10 A further object of the present invention is to provide a resistor that can be 

manufactured on a large scale and at a reasonable cost. 

One or more of these and/or other objects, features, or advantages of the present 
invention will become apparent from the Specification and claims that follow. 

1 5 SUMMARY OF THE INVENTION 

The present invention provides for a high precision power resistor. The power 
induced resistance change of the resistor is substantially reduced. To do so, the present 
invention takes into account construction of the resistor, properties of the cement, the shape 
and type of substrate, the resistor foil, and the pattern design for the resistor foil. 

20 According to one aspect of the invention, a resistor is provided that includes a 

substrate having first and second flat surfaces and having a shape and a composition. The 
resistor also includes a resistive foil having a low TCR of about 0.1 to about 2 ppm/°C and 
a thickness of about 0.03 mils to about 0.7 mils cemented to one of the flat surfaces of the 
substrate with the cement. The resistive foil has a pattern to produce a desired resistance 

25 value. The substrate also has a modulus of elasticity of about 10 x 10 6 psi to about 100 x 
10 6 psi and a thickness of about 0.5 mils to about 200 mils. The resistive foil, pattern, 
cement and substrate are selected to provide a cumulative effect of reduction of resistance 
change due to power. 

According to another aspect of the present invention, a method for producing a 

30 resistor is disclosed. The method includes cementing a first resistive foil and a second 

resistive foil to opposite surfaces of a substrate, the first and second foils patterned to have 
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approximately equal resistance values, interconnecting the first and second resistive foils to 
provide approximately equal power dissipation on the first and second surfaces of the 
substrate, thereby reducing temperature gradients across the substrate, preventing bending 
of the substrate, and avoiding resistance change due to bending of the substrate. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a graph showing change in resistance versus temperature for both foil 
before cementing to a substrate and change in resistance due to stress after cementing the 
foil to a substrate. 

10 Figure 2 is a graph showing change in resistance versus temperature for the 

cumulative effect of the foil and the stress after cementing the foil. 

Figure 3 is a perspective view of one embodiment of a resistor according to the 
present invention. 

Figure 4 is a cross-section of one embodiment of a resistor according to the present 
15 invention. 

Figure 5 is a diagram showing one embodiment of a foil pattern according to the 
present invention. 

Figure 6 is a cross-section of the second embodiment of a resistor according to the 
present invention, illustrating an alternative method of achieving a resistor with a reduced 
20 power coefficient of resistance. 

DETAILED DESCRIPTION OF THE INVENTION 

A resistor with a very low TCR (ambient temperature conditions) can be obtained 

by using a resistive foil with an inherent TCR such that it essentially balances the AR/R 
25 induced by stress when the foil is cemented to a substrate with a different coefficient of 

thermal expansion as the foil. The basic phenomena is shown in Figures 1 and 2. In 

addition, relevant discussion is provided in U. S. Patent No. 4,677,413 to Zandman and 

Szwarc, herein incorporated by reference in its entirety. 

Figure 1 provides a graph showing a change in resistance versus temperature for 
30 both foil before cementing to a substrate 14 and change in resistance due to stress after 

cementing the foil to a substrate 16. As shown in Figure 1, the temperature axis 10 and the 
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AR/R axis 12 are shown. The curve 14 represents change in resistance versus temperature 
for the foil before cementing to a substrate. As shown, the change in resistance increases in 
a nonlinear fashion as a function of temperature. The linear relationship 16 is also shown 
for changes in resistance due to stress after the foil has been cemented to a substrate. As 
5 shown in Figure 1, as the temperature increases, the resistance decreases. Both the changes 
in resistance of the foil and changes in resistance due to stress occur simultaneously when 
temperature changes. 

Figure 2 is a graph showing change in resistance versus temperature for the 
cumulative effect of the foil and the stress after cementing the foil to the substrate. In 

10 Figure 2, the cumulative effect is indicated by reference numeral 18. The effect of the 

change in resistance due to temperature changes of the foil and the change in resistance due 
to stress after cementing the foil to the substrate are offsetting to some degree. Thus, the 
resulting effects can be used to decrease the resistance changes due to temperature changes. 
In particular note the area near the crossing of axis 12 and 10 is relatively flat and close to 

15 0. Complete zero is very difficult to obtain because of non-linearity of curve 14 in 
Figure 1. 

A resistor with a very low TCR can be obtained with many types of foil, many 
substrate thicknesses, many substrate materials, many types of cements and cement 
thickness, however such a resistor will show substantial changes in resistance when subject 

20 to electric power as opposed to only ambient temperature changes. However, if the cement 
type and thickness, foil type and its inherent TCR and substrate type and shape and the 
geometry of pattern of the foil resistive element are chosen very carefully the power 
induced resistance change can be reduced very substantially as discovered herein. 

What the present inventors have discovered is the ability to substantially influence 

25 resistance change due to power by the selection of the cement, shape and type of substrate 
and pattern design of the resistor foil. When power is applied to the foil it produces a 
higher temperature than the one in the substrate. This temperature differential across the 
thickness of substrate produces bending in the substrate. Such bending amount also 
depends on the heat transmissivity of the cement and the cement's thickness. Furthermore, 

30 if the pattern is made with longitudinal and transverse strands the strain induced by 
bending can be decreased by the strain effect of Poisson's ratio in certain shapes of 
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substrate depending on it's ratio of width to thickness. Poisson's ratio is the ratio of 
longitudinal strain to transverse strain. 

The inventors have discovered that if a proper balance is made to account for all 
these factors a resistor can be constructed which will show a much better performance than 
5 other power resistors. The resistor can get hot and yet it will show only very small changes 
in resistance due to power. This is a very significant advantage over prior art resistors. 

Figures 3 through 5 illustrate one resistor according to the present invention. 
Figure 3 illustrates resistor 20. The resistor 20 includes an alumina substrate 22 having a 
length, a width, and a thickness. A resistive foil 26 of Ni/Cr of 0. 100 mils in thickness and 

10 having a TCR of 0.2 ppm/°C is cemented to the substrate 22 with an epoxy cement 24 

having a modulus of elasticity of 450.000 psi and a thickness of 0.5 mils. When subject to 
one watt power, the resistor has a change in resistance of less than 30 ppm. The same type 
resistor under same conditions where the cement is of different thickness, and the TCR is 2 
ppm/°C, will change resistance by 300 ppm or more. 

15 The substrate 22 of the resistor 20 has first and second flat surfaces. The substrate 

has a shape and a material composition. The resistive foil preferably has a thickness of 
about 0.03 mils to about 0.5 mils and a TCR of about 0.1 to about 1 ppm/°C when 
cemented to one of the flat surfaces with a cement. The resistive foil 26 has a pattern 
selected to produce a desired resistance value. The foil pattern can be made with 

20 longitudinal and transverse strands. The substrate 22 preferably has a modulus of elasticity 
of about 10 x 10 6 psi to about 100 x 10 6 psi and a thickness of about 0.5 mils to about 200 
mils. The resistive foil, pattern, cement and substrate being chosen to provide a cumulative 
effect of reduction of resistance change due to power. The parameters are preferably 
chosen so that the resistance change of the resistor due to power will only be a small 

25 fraction (25% or less) of what it would have changed if the same resistance foil was used 
but it was with a TCR of more than 1 ppm/°C and cemented to the substrate with different 
geometric and physical characteristics of the cement, pattern and substrate. 

The parameters such as the shape of the substrate, the composition of the substrate, 
the thickness of the substrate, the TCR of the resistive foil, the type of cement, the heat 

30 transmissivity of the cement, and the thickness of the cement are also preferably selected to 
provide the cumulative effect of reduction of resistance change due to power. 
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It is to be understood that further assembly of the resistor 20 will proceed in 
accordance with techniques which are generally known in the art. Such subsequent steps 
could include connecting leads or contacts (not shown), adding protective materials, or 
other known steps that may be appropriate for a particular application. 
5 The present invention contemplates that other types of substrates can be used of 

various shape compositions and thicknesses. The composition of alumina is simply one 
convenient type of substrate. Similarly, the resistance foil can be of any number of 
materials. Ni/Cr is simply one common and expedient selection. The present invention 
also contemplates that various types of cement, epoxy or otherwise, can also be used. 

10 A second embodiment of the present invention is illustrated in Figure 6. Here the 

resistor 30 is constructed such that foil 36 is cemented on a first surface of the substrate 32 
and a second resistive foil 37 on an opposite surface of the substrate 32. 

The two foils (36 and 37) are etched in a pattern forming similar or approximately 
equal resistance values and are interconnected, in parallel or in series. When power is 

15 applied to the resistor, the two opposite surfaces are heated equally. This results in a 
minimal heat flow across the substrate as there is no temperature differential across the 
substrate's thickness and its bending is prevented. This second embodiment of Figure 6 
involves higher manufacturing costs compared to the first embodiment. Thus, a high 
precision power resistor has been disclosed that provides advantages over the state of the 

20 art. 
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